Expansive laminoplasty for ossification of the posterior longitudinal ligament (OPLL) has had favorable outcomes. Many modifications of expansive laminoplasty have been developed, including expansive laminoplasty with and without spinous process spacers (SPS). The purpose of this study was to determine whether surgical outcomes were similar between expansive laminoplasty surgeries with and without SPS.
and expansive laminoplasty has resulted in favorable outcomes. [10] [11] [12] [13] [14] [15] Few reports have compared the surgical outcomes between 2 expansive laminoplasty techniques. In a prospective, randomized study, Okada et al 16 evaluated the differences in surgical outcome between expansive French-and open-door laminoplasty and reported that the surgical outcomes were similar. However, they reported that with expansive open-door laminoplasty perioperative complications occurred more frequently, axial pain became worse, and bodily pain, general health perceptions, vitality, and mental health scores reported on the Short Form 36 were lower. 16 However, to the current authors' knowledge, no reports have compared the surgical outcomes between expansive laminoplasty with and without spinous process spacers (SPS). It is possibile that SPS block sufficient posterior shift of the spinal cord after expansive laminoplasty.
The current study investigated whether surgical outcomes of expansive laminoplasty without SPS were similar to those with SPS in patients with OPLL and assessed whether the use of SPS influences the surgical outcome in patients with K-line (1) and those with K-line (2) .
Materials & Methods
This study was approved by the authors' institutional ethics committee. The authors retrospectively reviewed 109 consecutive patients with cervical OPLL who underwent decompression surgery between January 1990 and February 2011 at their institution. Exclusion criteria were (1) previous cervical surgery; (2) surgery for other neurological or locomotor diseases within 1 year before or after cervical decompression surgery; (3) hemodialysis; (4) palsy attributed to other neurological disorders; (5) rheumatoid arthritis, (6) spinal or spinal cord tumor; (7) cerebral palsy; (8) cervical myeloradiculopathy; (9) cervical amyotrophy; (10) diabetic neuropathy or psychiatric diseases; and (11) traumatic cervical myelopathy or symptoms aggravated after trauma. Of the remaining 74 patients, 4 patients undergoing anterior decompression and 2 patients lost to follow-up within 1 year postoperatively were excluded. In total, 68 patients undergoing expansive laminoplasty were included.
Fifty-four men and 14 women with an average age of 65.5 years (range, 43-85 years) were incluced. Average follow-up was 57.5 months (range, 12-252 months).
The K-line was proposed by Fujiyoshi et al 17 to evaluate the cervical alignment and OPLL size. The K-line connects the midpoints of the spinal canal at C2 and C7. When OPLL exceeds the K-line, it is defined as being K-line (2) . When OPLL does not exceed the K-line, it is defined as being K-line (1) (Figure 1 ). Therefore, being K-line (2) is similar to having kyphosis.
Patients were divided into 2 groups based on their K-line: patients who were K-line (1) (n551) and those who were K-line (2) (n517). The authors also measured the shortest distance between the K-line and the posterior edge of OPLL (Kline value). When the K-line value was 5 mm in a Kline (2) patient, the value was 25 mm. When the K-line value was 8 mm in a K-line (1) patient, the value was 8 mm.
Patients were subdivided into 2 groups: those undergoing the Kirita-Iwasaki technique 5 (without SPS group; n527) and those undergoing T-saw laminoplasty 6 (with SPS group; n541) ( To evaluate whether the use of SPS influences the surgical outcome of expansive laminoplasty for OPLL in patients with lordotic or kyphotic cervical alignment separately, the patients were divided into 4 subgroups: patients with K-line (1) who underwent the Kirita-Iwasaki technique (K-line (1) without SPS subgroup) (n521); patients with K-line (1) who underwent T-saw laminoplasties (K-line (1) with SPS subgroup) (n530), patients with K-line (2) who underwent the KiritaIwasaki technique (K-line (2) without SPS subgroup) (n56), and patients with K-line (2) who underwent T-saw laminoplasty (K-line (2) with SPS subgroup) (n511). Differences in surgical outcomes between the groups were evaluated.
1A
Clinical data were evaluated using a scoring system for cervical myelopathy developed by the Japanese Orthopaedic Association (JOA score). 18 The surgical outcome was evaluated by the recovery rate, which was calculated using the preand postoperative JOA scores. 19 Posterior shift of the spinal cord was measured using mid-sagittal T2-weighted magnetic resonance imaging and was defined as the difference between the shortest distance in the posterior edge of OPLL and the anterior edge of the spinal cord preoperatively and at the same level postoperatively. Postoperative magnetic resonance imaging was obtained between 6 months and 1 year postoperatively. In all patients, preoperative distances between the posterior edge of OPLL and the anterior edge of the spinal cord were 0 mm; therefore, posterior shift of the spinal cord was similar to the anterior subarachnoid space postoperatively. The percentage of the occupying ratio of OPLL was calculated using a preoperative lateral radiograph as follows 20 : (maximum anteroposterior thickness of ossified ligament/anteroposterior diameter of spinal canal)3100.
Differences between the 2 groups were statistically analyzed using the MannWhitney U test. Correlation was evaluated with Spearman's rank sum test. A P value less than .05 indicated significance. All statistical analyses were performed using SPSS version 11.0.1 software (SPSS, Inc, Chicago, Illinois).
results
Preoperative JOA score was significantly lower in the K-line (1) group than in the K-line (2) group (10.762.6 vs 12.163.0, respectively; P5.040); however, no significant difference between the groups existed in age (P5.630) or JOA scores 1 year postoperatively (P5.798) or at final follow-up (P5.555). The Kline (2) group had a lower recovery rate 1 year postoperatively than the K-line (1) group (36.4%632.5% vs 52.6%628.5%, respectively; P5.063); however, no significant difference between the groups was observed in recovery rate 1 year postoperatively (P5.063) or at final follow-up (P5.129). The occupying ratio of OPLL was significantly higher in the K-line (2) group (P5.006). Posterior shift of the spinal cord was significantly greater in the K-line (1) group (P5.004) ( Table 2) .
Participants in the without SPS group had a significantly longer follow-up than those in the with SPS group (101.1669.6 vs 28.8622.5 months, respectively; P5.000); however, no significant difference in age (P5.670); JOA scores preoperatively (P5.245), 1 year postoperatively (P5.257), and at final follow-up (P5.787); recovery rate 1 year postoperatively (P5.073) and at final follow-up (P5.679); occupying ratio of OPLL (P5.182); or posterior shift of the spinal cord (P5.229) were observed between the without SPS and with SPS groups (Table 3) .
No relationship was found between the posterior shift of the spinal cord and the occupying ratio of OPLL 1 year postoperatively (P5.599) or at final followup (P5.265). The recovery rate 1 year postoperatively was better for patients with a higher K-line value ( Figure 2) ; however, no significant difference was found between the K-line value and the recovery rate 1 year postoperatively or at final follow-up (P5.061 and .184, respectively). In the K-line (1) group, the recovery rate 1 year postoperatively was better in patients without SPS than in those with SPS (63.4%627.6% vs 45.1%627.2%, respectively); however, the recovery rate at final follow-up was similar between the K-line (1) (2) without SPS and the K-line (2) with SPS subgroups (P5.146) ( Table 5 ).
discussion
The current study demonstrated that surgical outcome and posterior shift of the spinal cord were similar between the without SPS and with SPS groups. However, in the K-line (1) group, surgical outcomes 1 year postoperatively were better for patients without SPS than for those with SPS. The K-line (2) group had a lower recovery rate 1 year postoperatively than the K-line (1) group (P5.063), and the recovery rate 1 year postoperatively had a higher K-line value for all patients (P5.061); however, no significant differences were observed.
Several prognostic factors for OPLL have been reported, including age, trauma, preoperative severity, cervical alignment, progression of kyphotic deformity, occupying ratio of OPLL, progression of ossification, change in range of motion, and signal change of the spinal cord on magnetic resonance imaging. 10, [20] [21] [22] However, the occupying ratio of OPLL and kyphotic alignment of the cervical spine are controversial prognostic factors. Some articles reported that a higher occupying ratio of OPLL caused poorer surgical outcomes after expansive laminoplasty, 21, 23 whereas others showed no relationship. 11 Regarding the changes in cervical alignment before and after expansive laminoplasty, several articles reported that surgical outcome deteriorated in patients with the progression of kyphosis. 24, 25 Contrarily, regarding preoperative cervical alignment, Iwasaki et al 21 reported that preoperative kyphotic alignment was not n Feature Article statistically related to the surgical outcome of expansive laminoplasty and that expansive laminoplasty was not contraindicated if kyphosis was mild. 20 To the authors' knowledge, no report has statistically proven that expansive laminoplasty has poorer outcomes in patients with cervical kyphosis preoperatively, although Chiba et al 10 reported that patients with preoperative kyphosis tended to have a lower recovery rate.
One question raised is whether cervical alignment is an appropriate index to show the exact alignment of the spinal canal in patients with OPLL because some patients have lordotic cervical alignment and kyphotic spinal canals with large OPLL. Another question is whether surgical outcomes are similar between patients with large OPLL and cervical kyphotic alignment and those with large OPLL and cervical lordotic alignment. As a result, the K-line was proposed by Fujiyoshi et al 17 as an index to evaluate these 2 factors in 1 parameter; they reported that the recovery rates were 66.1% and 13.9% in patients with positive (K-line [1] ) and negative (K-line [2] ) K-lines, respectively, with a significant difference between them. In the current study, the K-line (2) group tended to have a lower recovery rate 1 year postoperatively than the K-line (1) group (P5.063), and the recovery rate 1 year postoperatively tended to be better with a higher K-line value (P5.061); however, no significant differences were observed. The current results may have been affected by the higher preoperative JOA score in the K-line (2) group.
The current study demonstrated no difference in surgical outcome between expansive laminoplasty without and with SPS in all patients. However, these results were different when the surgical outcomes were evaluated separately in the patients with K-line (1) and K-line (2). In patients with a K-line (1), which is similar to having lordic cervical alignment, recovery rates 1 year postoperatively were better in the patients without SPS than in those with SPS. Contrarily, in patients with K-line (2), which is similar to kyphosis, surgical outcome was similar between expansive laminoplasty without and with SPS. This discrepancy could be ascribed to the difference in posterior shift of the spinal cord, which was significantly longer in the K-line (1) group. Although the posterior shift of the spinal cord tended to be longer in the K-line (1) without SPS subgroup than in the K-line (1) with SPS subgroup, it is possibile that SPS block the sufficient posterior shift of the spinal cord after expansive laminoplasty in patients with lordotic cervical alignment. The similar recovery rate between the K-line (1) without SPS and the K-line (1) with SPS subgroups at final follow-up could be ascribed to the difference in the follow-up duration. The K-line (1) without SPS subgroup had a follow-up duration approximately 5 times longer than the K-line (1) with SPS subgroup, and the patients in the K-line (1) without SPS subgroup were older than the patients in the K-line (1) with SPS subgroup at final follow-up; therefore, motor deterioration due to aging is a possibility. Several authors measured the spinal cord shift after expansive laminoplasty. Yusof et al 26 reported that the difference in the space anterior to the cord between before and after expansive laminoplasty ranged from 8.6 to 10.9 mm. Sodeyama et al 27 reported that the spinal cord shift ranged from 0 to 6.6 mm, whereas Kong et al 28 reported that the peak anterior subarachnoid space was 6.9 mm in patients undergoing expansive laminoplasty from C3 to C7. In the current series, posterior shift of the spinal cord ranged from 0 to 4.0 mm in the whole group, with a reduced range from 0 to 2.0 mm in the K-line (2) group. Therefore, the current authors postulate that SPS do not block spinal cord shift or affect surgical outcomes after expansive laminoplasty in patients with kyphotic cervical alignment.
This study has several limitations. First, the authors only retrospectively reviewed patients who underwent 2 expansive laminoplasty techniques: the Kirita-Iwasaki technique and the T-saw laminoplasty. Over the approximate 2 decades of surgery, postoperative management has changed. For example, at the beginning of the 1990s, patients were placed on bed rest for a few weeks postoperatively; however, this period has been shortened, and during the last decade of the study, patients were encouraged to begin ambulation 1 day postoperatively. In addition, strict external immobilization, such as sternal occipital mandibular immobilization orthosis, was applied for 3 months when the Kirita-Iwasaki technique was used, but a cervical collar was applied for 2 weeks when the T-saw laminoplasty technique was used. Therefore, it is possibile that this study contains some biases.
Changes in postoperative management were seen at the authors'institution and in institutions reported in other articles. In 1983, Hirabayashi et al 9 recommended that patients be kept in bed for 1 week and then ambulate with a cervical brace for 3 months; in 1998, they reported that the duration of bed rest had been shortened to 2 to 5 days and was followed with the application of a cervical brace for 3 months. 29 In 2011, Iwasaki and Yonenobu 20 reported that postoperative immobilization can sometimes be omitted.
Second, the sample size in the current study was small. The numbers of patients in the K-line (2) without SPS subgroup and the K-line (2) with SPS subgroup were 6 and 11, respectively. If the sample size was larger, significant differences may have been found between these 2 groups. Third, clinical data 1 year postoperatively may not have reflected outcomes as adequately as data collected at 2-year follow-up given the natural course of recovery postoperatively. However, this study included some patients older than 80 years, and motor deterioration due to aging is a possibility in these patients. Therefore, postoperative clinical data were evaluated 1 year postoperatively.
conclusion
Patients with a K-line (1) undergoing expansive laminoplasty without SPS for OPLL obtained a better surgical outcome than those undergoing expansive laminoplasty with SPS. Although posterior shift of the spinal cord had a tendency to be longer in the K-line (1) without SPS subgroup than in the K-line (1) with SPS subgroup, it is possible that SPS restrict spinal cord shift and affect surgical outcomes after expansive laminoplasty in patients with lordotic cervical alignments.
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